Two new automated methods for serum triglyceride analysis are described and compared with each other and with an established chemical method. They are a chemical method requiring no glycerol blank correction and a commercially available fully enzymatic method requiring no prior lipid extraction. Both methods had higher quality control precision and faster sampling rates than the established method. Comparison of duplicate analyses of a random series of serum samples by all three methods gave a closer correlation between the new methods than between either and the conventional method.
SUMMARY Two new automated methods for serum triglyceride analysis are described and compared with each other and with an established chemical method. They are a chemical method requiring no glycerol blank correction and a commercially available fully enzymatic method requiring no prior lipid extraction. Both methods had higher quality control precision and faster sampling rates than the established method. Comparison of duplicate analyses of a random series of serum samples by all three methods gave a closer correlation between the new methods than between either and the conventional method.
Many different methods have been described for estimating the triglyceride content in serum or plasma (Witter and Whitner, 1972) . Most methods in use at present have been automated and are based on the fluorometric measurement of glyceride glycerol in propan-z-ol and zeolite extracted sera (Cramp and Robertson, 1968) . There are a number of disadvantages with these methods. The extraction is cumbersome, requires periods of up to 24 hours for completion, and the extract then requires centrifugation (Cramp and Robertson, 1968) . The use of propan-Z-ol has disadvantages as adding it to an aqueous flow system creates bad wash characteristics with a limitation of the sampling rate on most conventional autoanalysers to 40 samples an hour and high carry over (Demacker et al., 1975) . Propan-2-01 decreases the rate of development of the fluorescent product (Goodland, unpublished observations) and its volatility causes additional flow problems if the ambient temperature rises.
We present here two methods which overcome most of these problems. The first is a chemical method the results of which are compared with those obtained by a conventional chemical method. A comparison is also presented with the second method, a new fully enzymatic method (Boehringer Corporation) which has the big advantage that the serum does not need to be pre-extracted.
Materials and methods
A. NEW CHEMICAL METHO D Reagents 1. n-Nonane .propan-z-ol (2 :3'5 v/v) 2. Sulphuric acid (0'04 mmolfl) 3. Sodium methoxide (9 g) dissolved in propan-2-01 (500 ml) and heptane (500 ml). The filtered supernatant is stable for two months at room temperature 4. Acetylacetone (2 % vlv in water) prepared the previous day 5. Ammonium acetate buffer (3,0 mol/l, pH 5'9) . containing sodium periodate (0,042 mol/l) 6. Heptane 7. 0·3 % Tween 80. n-Nonane and triglyceride standards were obtained from the Sigma Chemical Co. Ltd, sodium methoxide from the Aldrich Chemical Co. Ltd, and all other reagents from BDH. The propan-z-ol, acetylacetone, ammonium acetate, and sodium periodate used were of Analar grade.
Sample preparation
Serum aliquots (200 ILl) were pipetted into 4·5 ml disposable glass vials (Labco Ltd, Marlow, Berkshire) followed by 0'8 ml sulphuric acid (reagent 2) and 3'0 ml nonane ipropan-Z-ol (reagent 1). After fitting polypropylene caps, a rack of vials was shaken vigorously for 20 seconds and then allowed to stand for at least two minutes for phase separation. These extracts may be stored at 4°C for at least four days before analysis. Nonane (b.p. 150'8°C) was used in the extraction procedure instead of the heptane (b.p. 98'4°C) used in the original procedure of Dole and Meinertz (1960) in order to reduce inaccuracies caused by solvent evaporation.
The efficiency of the triglyceride extraction by this method was assessed by thin-layer chromatography, on Silica Gel G plates, of both the extract and a further chloroform:methanol (2:1 v/v) extraction of 18 
Standard preparation
Glyceryl tripalmitate was dissolved in the nonane: propan-z-ol mixture at concentrations of 0'05, 0'10, 0,15, 0·20, 0'25, and 0·30 mmol/l. After dilution of 3 ml of each of these solutions with 1 ml sulphuric acid, standards equivalent to 0'75, 1'50, 2'25, 3-(Xl, 3'75, and 4'50 rnrnol/l were obtained. Reagent blanks of I ml of acid and 3·0 ml of extraction solvent were also prepared.
Method
The principle of analysis is shown in Fig. 1 and the manifold diagram in Fig. 2 . The method was based on that of Holub (1973) . The problems of the conventional chemical method were overcome by the simpler extraction process and by the use of lower propan-z-ol concentrations in the flow system, thus generating better wash characteristics and an aqueous medium for colour development. As free glycerol does not pass into the nonane phase sample blanks for glycerol were not required. Extraction vials were placed on a suitable sample turntable and the upper nonane phase was aspirated directly. Transmethylation by sodium methoxide (reagent 3) occurred in a two-metre Kel F coil with an air segmented stream. This organic phase then passed via the capillary arm of an Hs junction into the air-segmented, mixed, acetyl acetone (reagent 4) and buffer (reagent 5) reagents. A stable bubble pattern, with a bi-phasic liquid component, formed after passing the resultant stream through a single mixing coil. Introducing the second air component (in the aqueous line) corrected the tendency of the bubble pattern to break down on admixture of the organic and aqueous phases.
Further disadvantages found in the original method of Holub were that the incomplete colour development with no heating led to sensitivity fluctuations with environmental temperature and that surging in the development coils led to severe 'noise' on the recorder trace. Heating was therefore introduced after the single mixing coil with a 1 ml coil at 55°C. This brief heating, followed by incubation in a double mixing coil insulated from draughts, gave adequate colour formation. Mounting the double mixing coil vertically eliminated surging and allowed the organic to separate completely from the aqueous phase. As a result, both the air and organic phases were simultaneously removed by a debubbler immediately before the colorimeter flow cell. The faster pumping rates of the aqueous reagents, compared with previous similar methods (Holub, 1973) , increased the flow through the colorimeter, which ideally for the Technicon AAI flow cell should not be below 2·0 ml/rnin. After use the manifold was washed with 0·3 % Tween 80 (reagent 7).
Apparatus
The sampler was from ChemLab Ltd, London, the turntable from Hook & Tucker Ltd, and the pump (Mark IV) and colorimeter (AAl) were both obtained from Technicon Corporation, Basingstoke.
The principles of analysis are shown in Fig. 3 . In detailed after modification to overcome baseline drift. For the comparative study, with the initial reagents, the recipient buffer contained the coenzyme-substrate reagent and was pumped at 0'80 rnl/rnin. The return stream from the fluorimeter was also pumped at 0'80 ml/min,
Reagents
These were provided in a kit (Cat. No. 15702) manufactured by the Boehringer Corporation Ltd, Bell Lane, Lewes, Sussex. Reagents were prepared according to the directions except that the concentration of the coenzyme stock solution in the buffer substrate reagent was decreased from 2'5% to 1'25 %, lowering the NADH concentration from 0'14 mmol/l to 0'07 mmol/l, brief, serum aliquots (200 ILl) were extracted with 3'8 ml of redistilled propan-Z-ol and 0'8 g zeolite. Samples were aspirated at a rate of 40 an hour with a sample :wash ratio of 1 :2. The fluorescence of the reaction product was measured at 505 nm, with an excitation frequency of 400 nm. The apparatus consisted of a Locarte fluorimeter and standard Technicon AA1 sampler and pump. Free glycerol blank values were obtained by omitting the heating step in the saponification and were subtracted from the total glycerol values. Glycerol trioleate dissolved in propan-z-ol at concentrations from 0·5 to 5·0 mmol/l was used as a standard. All other details were as cited.
Sample preparation
No preparation was necessary, the enzymatic hydrolysis being performed directly on unextracted serum samples.
Standard preparation
By gentle warming, glycerol trioleate was mixed (Chong-Kit and McLaughlin, 1974) with undiluted Triton Xl00 in the ratio of 100 mg triglyceride to 4·0 ml detergent. To this mixture, warm 0·15 mmol/l saline was added and brought to volume after cooling to room temperature. This stock solution of 4'06 mmol/l triglyceride and 14·3 % (v!v) Triton Xl00 was accurately diluted with 0'15 mmol/l saline to 0'51, 1·02, 2·03, and 3·04 rnrnol/l, 
Method
Minor modifications were introduced compared with the suggested method. These included increasing the sampling volume from 0·1 rnl/min to 0'16 mlfmin and decreasing the buffer pumping rates from 1·0 to 0'8 ml/rnin. These changes increased sample size and total through time of the system, giving increased sensitivity. Substitution of coenzyme-free buffer for the lipase reagent gave a blank correction for endogenous-free glycerol. The decrease in NADH concentration was measured with a fluorimeter using an excitation wavelength of 340 nm and an emission wavelength of 470 nm. A number of subsequent batches of the enzymatic triglyceride kit showed a drift in the maximum NADH fluorescence which lessened linearly with time. This was not evident from the evaluated batch of the kit and was not caused by bacterial or fungal contamination, nor was it owing to chemical NADH hydrolysis. It was traced to the slow formation in the mixed buffer/substrate reagent of a substrate for pyruvate kinase which was linked, via lactate dehydrogenase, to NADH utilisation. This problem was satisfactorily overcome by separating Components marked * were modifications introduced to eliminate drift after the comparative study had been performed.
Fluorimeter 470nm buffer and substrate reagents in the recipient stream. A 1 in 10 dilution of stock substrate reagent was added to coenzyme-free bu"ffer in the manifold through an orange/white (0'23) pump tube and an a connector between the Ha connector and the five-tum coil.
plateau peaking and less than 1 % carryover obtained. It can be seen that methods A and C were more satisfactory because faster sampling rates were achieved with less actual and theoretical carryover than with method B. Quality control sera were Results of between-batch analyses of these quality control sera for the various methods are shown in Table 2 ; the precision is quoted as the mean value obtained together with the 95 % confidence limits and the coefficients of variation (CV).
The greatest reproducibility was obtained with the enzymatic method at all concentrations and the poorest was with method B, the conventional chemical method. The enzymatic method, however, gave higher than quoted values for reconstituted control sera, which had abnormally high blank values of 0'9 mrnol/l for Precilip and 1'30 mrnol/l for Liponorm. By comparison, test sera blank values ranged from 0·02 to 0'21 mrnol/l, As blank corrections were not made for these quality control estimations, some degree of overestimation of them by the enzymatic method would therefore be expected.
Samples of sera were taken from 90 subjects aged 20 to 50 years. These were analysed in duplicate by each of the three methods, giving values in the range o to 4.0 mrnol/l, Regression equations and correlation coefficients (r) comparing analyses of these samples by the three methods are shown in Fig. 6 and Table 3 . It can be seen that there was close correlation between all three methods with very little deviation from the theoretical one to one relationship.
----Mean, calculated by method of least squares, ------95 % confidence limits.
Comparisons of new chemical method with (a) conventional chemical method; (b) enzymatic method without blank correction; and (c) enzymatic method with blank correction.
Discussion
No automated method for serum triglyceride analysis using conventional autoanalyser equipment has been reported with a sampling rate of 60 samples an hour and a carryover of less than I %. The new chemical method (A) described here has been shown to achieve, both theoretically and practically, 95 % plateau peaking with less than I % sample to sample carryover when sampling at 60 an hour. As the method is specific for neutral glyceride glycerol, no glycerol blank correction is required; this represents an effective serum analysis rate of about 50 samples an hour.
The conventional chemical method (B), by comparison, had a theoretical maximum sampling rate of 45 an hour to fulfil the same flow criteria. The lag constant, however, was appreciably greater than the exponential constant which reflects the poor wash characteristics of propan-2-ol and limits the practical maximum sampling rate. A rate of 40 samples an hour with a sample to wash ratio of I :2 gave 70 % plateau peaking and a variable carryover of up to 6 %. The need for glycerol blanks further decreased the effective serum analysis rate to about 15samples an hour.
The enzymatic method (C) had even better flow characteristics than the new chemical method (A), which would be expected from the greater ease of setting up a stable bubble pattern in a purely aqueous phase. In practice, however, it was not possible to obtain 95 % plateau peaking and less than I % carryover at the theoretical maximum sampling rate of 90 samples an hour. These conditions were fulfilled at 80 samples an hour with a sample:wash ratio of 2:1. The maximum effective total glyceride analysis rate was therefore about 70 samples an hour and that , for triglyceride, because of blank correction, was about 35 samples an hour. The control precision data reflect the decreased I carryover of the enzymatic method compared with the new chemical method, and of both these methods compared with the conventional chemical method. This is best demonstrated by the coefficients of varia-, tion of the low control samples. The pooled cord I blood had a coefficient of variation by the enzymatic method of 3'2 % compared with one of 11·9 % by the : new chemical method. The respective coefficients of variation for the new and conventional chemical methods for controls at the 0·7 mmol/l level were 5'0% and 12·1 %. Duplicate analyses by different methods show very good correlation. The new chemical method gives , the lowest estimates and it has been suggested : (Carter and Wilding, 1976 ) that this may partly be owing to overestimation of a propan-2-ol glycerol trioleate standard. The identity of standard curves with this method, when constructed from glycerol tripalmitate dissolved in nonane.propan-z-ol, and from an aqueous glycerol trioleate emulsion does not support this explanation.
The enzymatic method C with blank glycerol correction correlates closest with the new chemical method A (r = 0'997), giving very similar results over the middle to upper normal range (0'80 to 1·50 mmol/!). The enzymatic total glyceride value was 14 % higher than the new chemical method triglyceride value over the entire range, the mean enzymatic blank correction being 0·08 mmol/l, The conventional chemical method gave a mean estimate 0·04 to 0·12 mmol{1 greater than the new chemical method.
The cost per sample of the new chemical method is about 12p a sample, that of the enzymatic method 8p without and 16p with blank correction, and that of the conventional chemical method 6p.
The new chemical method gives the most rapid sample analysis rate, with good precision characteristics. The lower enzymatic sampling rate for triglyceride analysis is offset, however, by the convenience of there being no manual extraction to perform. Routine screening for hypertriglyceridaemia would not necessarily require a glycerol blank; in that case the lack of sample extraction, the high analysis rate, and relatively low cost make this method the ideal choice. Both of these methods were more precise and could be operated at twice the rate of the conventional chemical method.
